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  The impact of fire and different post-fire stabilisation treatments like mulching and seeding on some selected physical, 
chemical biochemical and microbiological properties as well as the efficacy of these treatments on control of post-fire 
erosion was evaluated in a burnt area affected by a high severity wildfire located in Laza (NW Spain). Soil samples were 
collected from the A horizon (0-2 cm) of the burnt soil 8 and 12 months after the wildfire as well as from the unburnt 
soil located in an adjacent plot used as control; sediments were periodically collected after precipitation events in the 
burnt soil with and without different post-fire stabilisation treatments. The results clearly showed that a significant 
medium-term impact of the wildfire on most soil properties analyzed was still observed 12 months after the fire event 
and that mulching and seeding treatments did not affect the overall soil quality (physical, chemical, biochemical and 
microbiological  properties)  of  this  burned  soil.  Sediments  data  indicated  that  both  stabilisation  treatments  were 
effective to control post-fire erosion since, compared to the burnt control, soil losses were reduced by 85% in the 
mulching treatment and by 30% in the seeding treatment. 
     
 
   
1  INTRODUCTION 
Soil  stabilization  and  rehabilitation  treatments  are  often 
used to  minimize the impact of fire on  soil ecosystems. 
Forest  fires  are  common  events  in  Galicia  (N.W.  Spain) 
causing the destruction of vegetation and soil degradation 
as well as enormous losses  of soil and nutrients due to 
runoff  and  erosion  processes  (Carballas  et  al.,  2009). 
Mulching  and  seeding  treatments  have  recently  been 
applied  in  shrublands  areas  affected  by  wildfires  in  the 
N.W. of Spain, where their effectiveness in controlling soil 
losses  have  been  evaluated  (Fernández  et  al.,  2011). 
However, information concerning the short-, medium- and 
long-term  effect  of  such  post-fire  treatments  on  overall 
soil  quality  (physical,  chemical,  biochemical  and 
microbiological properties) is particularly scarce. 
2  OBJECTIVES 
The aim of the present study was to evaluate the medium-
term  impact  of  fire  and  different  post-fire  stabilization 
treatments  on  soil  quality  of  a  shrubland  ecosystem 
located in the N.W. of Spain as well as to determine their 
efficacy to control post-fire erosion. FLAMMA | Vol. 4 | 1 | 37-40 
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Table 1. Main soil properties in the different soil treatments, 8 and 12 months after the fire, and sediment yield 
during the first year following the wildfire and treatment application (mean values ± SD of three field replicates). 
Treatments: C, unburnt soil; B, burnt soil; B+S, burnt soil plus seeding; B+M, burnt soil plus straw addition. Different 
letters denote significant differences (p < 0-05). ND: not determined. 
  Time (months)  C   B   B+S   B+M 
Moisture (%)  8  35.0±2.5 a  29.2±2.3 a  30.6±6.5 a  31.2±0.7 a 
  12  26.4±1.9 a  12.8±2.7 a  14±3.8 a  19.4±3.5 a 
Sand (%)   8   24.6±3.5 a  30.5±2.1 a  29.1±4.9 a  31.9±1.2 a 
  12  24.5±4.6 a  29.7±1.8 a  30.9±3.3 a  31.4±6.2 a 
Lime (%)   8  55.7±3.3 a  52.8±2.7 a  53.9±4.8 a  51.1±2.8 a 
  12  56.8±1.5 a  53.8±1.3 a  53.5±2.9 a  51.8±5.1 a 
C1ay (%)   8  19.7±0.5 a  16.7±1.0 a  16.9±1.3 a  16.9±1.7 a 
  12  19.7±1.6 b  16.6±0.6 a  15.6±0.6 a  16.8±1.1 a 
Aggregate stability (%)   8  96 ± 1 b  84 ± 8 a  87 ± 2 ab  92 ± 1 ab 
  12  96 ± 2 a  90 ± 4 a  89 ± 3 a  90 ± 7 a 
Water repellence  8  Very severe  Moder ate  Moder ate  Severe 
  12  Very severe  Severe  Severe  Very severe 
pH (water)   8  3.42 ± 0.12 a  4.25 ± 0.17 b  4.16 ± 0.09 b  4.04 ± 0. 12 b 
  12  3.67 ± 0.02 a  4.09 ± 0.11 b  4.05 ± 0.14 b  4.1 ± 0.10 b 
pH (KCl)  8  2.53 ± 0.00 a  2.92 ± 0.14 b  2.86 ± 0.07 b  2.88 ± 0.15 b 
  12  2.65 ± 0.04 a  2.94 ± 0.04 b  2.94 ± 0.04 b  2.95 ± 0.04 b 
Electric conductivitv(µS cm
-1)   8  51 ± 5 b  27 ± 1 a  25 ± 4 a  26 ± 2 a 
  12  23 ± 2 a  25 ± 3 a  30 ± 1 a  30 ± 5 a 
Water retention at field capacity (g water kg
-1)   8  872 ± 29 b  537 ± 28 a  565 ± 49 a  579 ± 65 a 
  12  770 ± 74 b  501 ± 33 a  460 ± 83 a  488 ± 45 a 
Total C (g kg
-1)   8  239 ± 11 b  143 ± 12 a  154 ± 13 a  157 ± 20 a 
  12  216 ± 24 b  140 ± 12 a  132 ± 26 a  139 ± 20 a 
Total N (g kg
-1)  8  11.9 ± 0. 8 b  7.92 ± 0.6 a  8.9 ± 0.7 a  8.6 ± 1.3 a 
  12  10.3 ± 1.3 b  8.1 ± 0.7 a  7.3 ± 1.4 a  7. 8 ± 1.2 a 
Mcirobial C (mg kg
-1)   8  2081 ± 161 b  521 ± 121 a  602 ± 283 a  725 ± 110 a 
  12  3289 ± 184 b  1502 ± 240 a  1835 ± 496 a  1727 ± 492 a 
 Respiration (mg CO2 kg
-1)   8  76.3 ± 8.1 c  49.9 ± 6.3 b  20. 8 ± 8.9 a  25,4 ± 1.5 a 
  12  77.8 ±17.3 b  45.7 ± 4.6 a  49.1 ± 8.8 a  51.0 ± 7.4 a 
Metabolic quotient (µg CO2  Cmic
-1 day
-1)   8  36.6 ± 1.1 a  97.6 ± 12.2 b  35.8 ± 7.5 a  35.8 ±7.5 a 
  12  23.5±4.0 a  30.7±1.9 a  27.2±2.9 a  30.3±3.8 a 
Bacterial activitv (× × × × 1017 mol L eu ml
-1 h
-1)  8  5.3±1.80 a  15.15±5.07 b  17.17±4.19 b  24.27±3.85 b 
  12  2.4±0.36 a  2.84±1.64 a  5.3±2.27 a  9.25±1.69 b 
Urease activily (µg NH4
+ g
-1 h
-1)  8  199±5 b  45.8±6.6 a  49.9±17.8 a  52.2±7.3 a 
  12  144±19 b  56.7±15.7 a  35.7±11.3 a  55.1±13.9 a 
Glucosidase activity (µg p-nitrophenol g
-1 h
-1)  8  15.0±9.1 a  56.3±11.6 ab  37.9±6.0 ab  68.4±31.6 b 
  12  25.5±13.1 a  69.4±10.8 b  61.2±10.9 ab  72.7±21.4 b 
Acumulated sediment yield (g plot
-1)  12  ND  7232±3319 b  5004±1051 ab  1067±956 a 
 
3  METHODOLOGY 
The  study  was  performed  in  a  shrubland  ecosystem 
located in Laza (Ourense, N.W. Spain) affected by a wildfire 
on September 2010 (1.700 ha of surface were burned) and 
highly susceptible to soil erosion after the fire event (slope 
30-50%). Four treatments were established by triplicate (4 
m × 20 m plots): unburnt control soil (U); burnt soil (B); 
burnt soil with rye seeds at a rate of 10 g m
-2 (B+S); burnt 
soil with 250 m
2 of straw mulch (B+M). Soil samples were 
taken from the top layer (0-2 cm) of the burnt plots, 8 and 
12 months after the wildfire, as well as from an adjacent 
unburnt plot used as control. The following soil properties 
were  monitored  in  the  fraction  <  2  mm:  granulometric 
composition  and  texture,  moisture  content  and  water 
retention  capacity,  aggregate  stability,  soil  water 
repellence,  pH  (in  water  and  KCl),  electric  conductivity, 
organic  matter  content,  total  N,  microbial  biomass,  soil 
respiration, bacterial activity and soil enzymes related with 
C  and  N  cycles.  The  methods  described  by  Guitián-Ojea 
and  Carballas  (1976)  were  utilized  to  determine  most 
properties  analyzed.  Soil  water  repellence  was  assessed 
using the molarity of ethanol droplet (MED) test (Roy & 
McGill,  2002)  and  the  aggregate  stability  following  the 
procedure described by Kemper and Rosenau (1986). The 
microbial biomass C was determined using the fumigation-
extraction  method  (Díaz-Raviña    et  al.,  1992)  and  soil 
respiration by measurement of the CO2 evolved during 10 
days  (Díaz-Raviña    et  al.,  1988).  The  ß-glucosidase  and 
urease activities were assayed as reported by Eivazi and FLAMMA | Vol. 4 | 1 | 37-40 
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Tabatabai  (1988)  and  Kandeler  and  Geber  (1988).  The 
bacterial  activity  was  also  determined  by  means  of  the 
incorporation  of  labelled  leucine  into  bacteria  extracted 
after  homogenization-centrifugation  (Bååth  et  al.,  2001). 
Soil  erosion  was  measured  in  the  burned  plots  at  3 
sampling times (1, 2, 3 and 12 months after the wildfire 
when important rain events occurred) using collectors for 
runoff (Soto & Díaz-Fierros, 1998).  In order to evaluate the 
effect of the different treatments on the  soil properties 
analyzed, the values of three field replicates with the same 
treatment  were  averaged  (mean  ±  SD).  The  data  were 
analyzed by a standard analysis of variance (ANOVA1) and, 
in the cases of significant F statistics, the Tukey´s minimum 
significant difference test was used to separate the means. 
4  RESULTS 
The  physical,  chemical,  biochemical  and  microbiological 
properties obtained in the 0-2 cm layer of the different soil 
treatments, 8 and 12 months after the wildfire as well as 
accumulated soil loss in the burnt soil within 12 months 
are  shown  in  Table  1.  The  values  showed  that  both 
stabilization treatments were effective to control post-fire 
erosion since, compared to the burnt control, soil losses 
were reduced by 85% in the mulching treatment and by 
30% in the seeding treatment. 
Similar  results  concerning  the  impact  of  fire  and 
stabilization treatments on soil properties were observed 8 
and  12  months  after  the  fire  event.  The  values  showed 
that most parameters analyzed experienced medium-term 
fire  induced  changes,  but  the  magnitude  of  the  effect 
depended on the soil property analyzed. In general, the 
fire tended to slightly (about 0.5 units) increase the pH and 
to  decrease  notably  the  soil  properties  related  with  the 
organic matter content (total C, total N, water retention) 
but  most  physical  properties  were  not  significantly 
affected. Likewise, most biochemical properties analyzed 
differed significantly between the burnt samples and the 
corresponding unburnt ones; however, a different effect 
was  observed  depending  on  the  parameter  analyzed:  a 
negative influence for microbial biomass C, respiration and 
urease  activity;  and  a  positive  effect  for  the  metabolic 
quotient, bacterial activity and β-glucosidase. The results 
also  showed  the  absence  of  any  medium-term  effect  of 
both  mulching  and  seeding  treatments  on  physical, 
chemical and biochemical properties analyzed. These data 
are  coincident  with  those  reported  in  a  previous  study 
performed in the same experiment analyzing the same soil 
parameters  (physical,  chemical,  biochemical  and 
microbiological parameters) at a short time scale (1 and 16 
weeks after the wildfire) (Díaz-Raviña  et al., 2012). 
5  CONCLUSIONS 
The results clearly showed that: a) a significant medium-
term impact of the wildfire on most chemical, biochemical 
and  microbiological  properties  was  still  observed  12 
months after the fire event; and b) mulching and seeding 
treatments did not affect the overall soil quality (physical, 
chemical,  biochemical  and  microbiological  properties)  of 
this burned soil.  
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